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Introduction
By providing a safe income after retirement from active work, social security systems have contributed substantially to the reduction of poverty among the elderly in developed countries. The long-term costs of these social benefits are, however, less obvious and are not yet fully understood. They arise from various effects of social security systems on labour markets and private capital formation leading to possible reductions in future growth and real wealth. While the analysis of possible labour markets effects of the existing pay-as-you-go systems of oldage social security has boomed over the last two decades, the possible capital market and real wealth effects are still less well known. We will underline in this paper the existence and significance of the latter effects. They should be taken into account, when reforms of the existing social security systems are being discussed.
The pioneering study by Feldstein (1974) sparked the debate on whether or not transfer-based social security retirement benefits influence the saving behaviour of individuals. Following Ricardian equivalence theory as put forward by Barro (1974) , there is no reason to expect any substitution in household wealth formation if the retirement transfers are financed by (lump sum) social security taxes. Other studies focusing on the life-cycle model of individual decisionmaking (e.g., Feldstein and Pellechio 1979; Bernheim 1987) came to the result that public old-age security can completely offset private household saving.
Empirical investigations that so far have tested the existence and the magnitude of such offset effects had to overcome serious measurement problems and provided rather mixed results.
Our study contributes to this debate by focusing on evidence from Germany where the public pension system has a long history going back to the end of the 19 th century, but has also experienced a series of institutional shocks due to the two world wars, deep economic crises and the division of the country. Following Gale (1995; 1998) we try to capture several measurement biases that can veil the true interaction between social security benefits and private capital formation.
Based on German panel data between 1984 and 1999, we are able to estimate household lifetime incomes and then derive a robust estimate of the private saving offset effects of social security retirement benefits. Our estimate is much lower than expected from pure life-cycle considerations (and thus closer to the predictions from Ricardian equivalence theory) and also less than comparable estimates for the US and the UK. This result is thus another proof of a particular "German savings puzzle" (Börsch-Supan et. al. 2000 , Börsch-Supan 2001 which might be due to market imperfections and/or bounded rational behavior.
Our study is organized as follows. In Section 2 we review the debate on the real wealth effects of old-age social security, the possible measurements biases and previous empirical findings. In Section 3 we explain our data sample. Section 4 discusses the econometric specification and the results of our empirical test while the last section draws some conclusions.
Wealth effects of old-age security: Theoretical insights, measurement problems and empirical findings
The standard life-cycle model of consumption and wealth accumulation is the most convenient benchmark for the analysis of how an individual reallocates resources in response to the availability of old-age social security or other forms of additional pension wealth. A representative household maximizes lifetime utility subject to a lifetime budget constraint, which depends on exogenous cash Gale (1995) mentions eight sources of measurement biases that can occur in empirical analyses:
1. Controlling for cash earnings instead of total compensation as the sum of cash wages and pension benefits: Comparing two individuals with equal cash earnings but with different levels of pension wealth, the parameter on pension wealth will pick up not only the substitution effect between pension wealth and non-pension wealth but also the income effect in total compensation. This can lead to an underestimation of the true offset.
2. Ignoring different life expectancy: If one compares two individuals with the same annual pension income and the same retirement age, one can expect that the one with a longer life expectancy will have higher pension wealth and also higher non-pension wealth.
3. Omitting retirement age: Generous pension benefits induce workers to retire earlier. At the same time they will accumulate more non-pension wealth for a longer retirement period.
4. Omitting age: If one compares two individuals with identical life-cycles, but with different ages, the older one will have less pension wealth and less nonpension wealth than the younger one.
5. Ignoring endogeneity of pensions with respect to saving behaviour: One can expect that individuals who tend to save a lot are also more likely to seek jobs 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 particularly hit by all these developments so that German would consider public pension wealth much less secure than private wealth. Liqudity constraints on underdeveloped financial markets may also have prevented German households from fully substituting private savings by public pension wealth. This is why we would expect that even after controlling for possible measurement biases, the offset effects in Germany are much less pronounced than in the US or in the UK (for the SERPS) or even in other countries of continental Europe.
Data

Sample size
The data for our empirical study come from the German Socio-economic Panel too. This excludes households from our sample in which the head or the spouse is self-employed.
-The household head or the spouse was not receiving an old-age pension or a widow's pension in the mandatory German state pension system ("Gesetzliche Rentenversicherung") from 1986 through 1990. We focus on actively working households in order to avoid problems that a different saving behaviour of the retirees might cause.
-Households with missing information relevant for calculating pension wealth, lifetime income or non-pension wealth are excluded.
Our final sample consists of 776 households with 1,304 individuals of which 746 are male and 558 are female.
Household non-pension net wealth
Data on household non-pension net wealth are available in the GSOEP only for 1988. They contain the market value of real estate property (including owneroccupied housing), equity in firms, and financial assets (bank accounts, building savings contracts, and stocks and bonds) less unsecured debt. The market value of real estate property and equity is coded as a categorical variable. The value of financial assets is measured by their exact value if their value is known. Otherwise 3 Excluding the younger employees helps the presence of liquidity constraints to be mitigated. 
Household lifetime income
Estimating lifetime income is essential for testing the offset hypothesis.
According to the life-cycle model lifetime income, and not current income, should be used for testing possible substitution in saving. Other empirical studies estimate lifetime income either based on data from only one year (e.g., Gale 1998) or several years (e.g., Jappelli 1995; Euwals 2000). Bernheim (1987) uses panel data of a longer time period, but employs a simple extrapolation for estimating yearly earnings in the future. We calculate lifetime income by estimating annual incomes based on the rich information available in the GSOEP. This econometric Therefore the fixed effects estimates can be employed in our study for calculating individual annual income. Table 1 shows the estimated determinants of individual gross annual income that can then be used for calculation of public pension wealth. 
Public pension wealth and the adjustment factor
The calculation of household public pension wealth is higly complicated by the extreme complexity of the rules (including the many changes of old rules and the introduction of new ones) under which the German social security system operates. We assume for simplicity that all employees start drawing their public retirement benefits at the age of 66, that they expect benefit rules to remain the same in the future, and that public pensions were not taxed in the period under consideration. In the appendix we give a more detailed description of how we calculated social security pension wealth from the GSOEP data.
As Gale (1998) has noted, an explicit adjustment factor is necessary to correct the measured values of social security wealth as long as we control for cash earnings and pensions separately. This adjustment factor Q is calculated in the following way:
In this formula S measures the years under an old-age pension coverage and T is the sum of S and the expected remaining lifespan. r x r δ ρ − = − is a discount factor that is composed of a long-term interest rate r, a rate of time preference δ and a coefficient of risk aversion ρ . In the case of Germany we take r=0.035, δ=0.02, ρ=3 as baseline values. The total lifespan is 72 years for male employees provided by the Federal Statistical Office. Table 2 gives an overview of values of Q that were calculated for German male employees under these assumptions. The same procedure was also used to calculate adjustment factors for female employees.
< Table 2 > Table 3 reports the main sample characteristics concerning lifetime income and various wealth variables for the 776 households. Because only household heads with full-time jobs are considered in our sample, the typical household is relatively affluent. Net social security wealth is calculated by subtracting the present value of future employee contributions from gross social security wealth.
Reflecting the generosity of the German state pension system, household social security wealth is considerable and an important component of lifetime resources.
It is striking that household social security wealth is much bigger than household non-pension net wealth. This reflects the importance of the social security system as a significant source of old-age incomes in Germany. It also implies that a small displacement effect could reduce private household assets by a relatively large amount. It is also interesting that household non-pension net wealth is almost 10 times bigger than financial assets.
< 
Specification and regression results
Specification
Following Feldstein and Pellechio (1979), Bernheim (1987) and Gale (1998), our study employs the following specification to test for the effects of the public pension scheme on household savings in Germany:
where the index j = 1, 2 stands for household head and spouse, α and β are parameters to be estimated, and ε is an error term. The dependant variable W is household non-pension net wealth. Z is a vector of variables including household net lifetime income, the age and the squared age of the household head, an interaction term between age and income, years of education (averaged over household head and spouse), a dummy for the marital status, and the number of children. P j is public pension wealth of the household head or the spouse resulting from expected old-age retirement transfers. Q j is the offset factor that should correct for the possible estimation bias due to the use of cash earnings instead of total compensation.
It should be noted that our empirical specification takes into account most of the different sources for potential estimation biases mentioned in section 2. A broad measure of non-pension wealth -household non-pension net wealth rather than financial assets -is used as the dependent variable, and age is explicitly included in the set of explanatory variables. Heterogeneity with regard to choosing jobs with generous pension plans is not a serious problem in this study. Since we focus on a social security system which is mandatory for all employees, the households in our sample cannot actively influence their pension rights. Measuring pension wealth gross-or net-of-taxes should not influence the results because social security retirement transfers were tax-exempted in Germany during the relevant period. Measurement error in net social security wealth can be avoided in our estimation because public pension benefits were calculated from the estimates of annual income making use of the rich information in GSOEP and from taking into account the relevant regulations in German social security legislation. The measurement error due to the use of cash earnings is explicitly corrected by the introduction of an offset factor Q. In the following, we present our estimation results with and without an adjustment by the offset factor. There remain two further sources of a potential measurement bias: differences in life expectancy and omission of the effective retirement age. They cannot be taken into account directly in our specification because of a lack of exact information in the available data, but they are dealt with in our sensitivity analyses. Table 5 show a similar pattern for robust regressions. The estimated coefficient of public pension wealth without adjustment is again negative and significantly different from zero at the 1% level. It shows an offset effect of 10% for old-age retirement transfers. Adjusting public pension wealth by the factor Q again raises the estimated offset to 14%, which amounts to an increase of about one third.
Regression results
< Table 5 >
Sensitivity Analyses
In order to check whether or not our results are sensitive to the future interest rate of 3.5% p.a., we recalculated the regressions on the basis of a future interest rate of 5.5% p.a. It turned out that for both LAD and robust regressions the main results remain unchanged. The higher interest rate increases the offset effect of social security wealth before adjustment to 23% in the LAD regression and to 14% in the robust regression, while the offset effect after adjustment increases to 30% in the LAD regression and to 19% in the robust regression, respectively.
Concerning life expectancy GSOEP does not provide any direct information.
GSOEP contains just a questionnaire "Have you been suffering for at least a year or chronically from a certain illness or disability?". Using this information we 
Conclusions
Our results underline that reactions to social security benefits differ significantly between Germany on the one side and the US, the UK as well as other countries of continental Europe on the other side. Even after making all possible adjustments that could lead to a measurement bias, the offset effect of old-age security on private wealth formation in Germany is not higher than 22% in our base model. It is interesting to note that our panel analysis thus leads to almost the same results as the time-series analysis of wealth effects of the German pension system by Kim (1992) .
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In this study social security wealth is calculated in the same way as in the survey report "Altersvorsorge in Deutschland 1996 (AVID 1996) " by the Verband
Deutscher Rentenversicherungsträger (VDR) (1999). 4 It is assumed that the insured start drawing their standard old-age pension at the age of 66 and that their further lifetime follows the pattern of the German Death Table ( First, the monthly amount of a pension at the retirement age is estimated for each individual. The process of calculating the monthly pension in Germany is extremely complex. Thus we briefly explain how we estimated the monthly pension based on the following formula:
where G is personal earnings points, T is pension type factor and C is current monthly pension value.
Income up to the contribution assessment limit for each year is divided by the average income of all insured persons and is converted into personal earnings points. These values and other credited values are summed up for all insured 4 For more information on AVID 1996 see www.altervorsorge-indeutschland.de/AVID96/avid96.html. Second, on the basis of the estimated monthly pension, the expected amount of annual pensions for the entire retirement period is measured. Then the present value of social security pension wealth at the retirement age is calculated using the following formula. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
